per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 5 ; 

A61M 5/155 



Al 



(11) International Publication Number: 



WO 93/23096 



(43) International Publication Date : 25 November 1 993 (25.11 .93) 



(21) International Application Number: 

(22) Internationa] Filing Date: 



PCT/IE93/00024 
29 April 1993 (29.04.93) 



(30) Priority data: 
921613 



20 May 1992 (20.05.92) 



IE 



(81) Designated States : AU, CA, JP, KR, NZ, European patent 
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE). 



Published 

With international seardi report. 



(71) Applicant: ELAN MEDICAL TECHNOLOGIES LIMIT- 

ED [IE/IE]; Monksland Industrial Estate, Athlone, 
County Westmeath (IE). 

(72) Inventor: GROSS, Joseph ; 41 Orwell Park, Rathgar, Du- 

blin 6 (IE). 

(74) Agent: ANNE RYAN & CO.; 60 Northumberland Road, 
Ballsbridge, Dublin 4 (IE). 



(54) Title: LIQUID MATERIAL DISPENSER 



CONTROL 



14a * J 2 V_JL±J 2 T « c 14b 




(57)Abstract _ - 

A liquid material dispenser for dispensing medicaments includes a housing (2) formed with a reservoir (4) for the liquid to 
be dispensed, an outlet (6) through which the liquid is to be dispensed, and a connecting passageway (8) between the reservoir (4) 
and the outlet (6). A diaphragm (12) is located in a cavity (10) in the passageway (8) such that one side of the diaphragm (12) de- 
fines a pumping chamber (10a), and the other side defines a control chamber (10b). An electrolytic cell (14) generates a gas which 
is fed to the control chamber (10b) according to the quantity of electrical current passed through the electrolyte (14c), for driving 
the diaphragm (12) through forward strokes to pump liquid to the outlet (6); and a slow-acting vent (20) vents the gas from the 
control chamber (10b) to theatmosphere at a rate lower than that of generation of gas by the electrolytic cell (14), for driving the 
diaphragm (12) through return strokes to refill the pumping chamber (10a). 
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Description 
Liquid Material Dispenser 



Technical Field 



The present invention relates to liquid material dispensers, and 
5 particularly to dispensers for dispensing medicaments at small, 
precisely-controlled rates. The invention is especially useful in a 
dispenser including an electrolytic cell generating a gas in accordance 
with the rate the liquid is to be dispensed, such as described in prior 
U.S. Patent Nos. 5,062,834 and 5,090,963, and it is therefore described 
10 below particularly with respect to such a dispenser. 

Background Art 

There are many applications, such as drug delivery systems, 
requiring the dispensing or delivering of a liquid at a predetermined, 
precisely-controlled rate. Electrolytic pumps, such as described in the 

15 above U.S. Patents, have been developed for this purpose. These 

pumps, however, generally include relatively large pumping chambers, 
and therefore their pumping rates may be significantly influenced Jby 
pressure and temperature changes particularly when the dispenser is 
used over long periods of time and/or under varying ambient 

20 conditions. 

It would therefore be desirable to provide a liquid material 
dispenser or pump of a construction which may include a pumping 
chamber of relatively small volume so that the rate of delivery of the 
liquid is less sensitive to pressure and temperature changes. 

25 Disclosure of Invention 

According to the present invention, there is provided a liquid 
material dispenser, comprising: 
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a housing including a reservoir for liquid to be dispensed, 
an outlet through which the liquid is dispensed, and a connecting 
passageway between said reservoir and said outlet; 

a reciprocatable pumping member in the passageway, such 
5 that one side of the pumping member defines a pumping chamber with 
the passageway, and the other side defines a pressure-control chamber, 
said pumping member being cyclically displaceable through forward 
and return strokes for pumping liquid from said reservoir to said 
outlet; 

10 valve means in said passageway effective, during one of said 

strokes, to cause the pumping member to draw liquid from said 
reservoir into said pumping chamber, and during the other of said 
strokes, to cause the pumping-member to pump liquid from said 
pumping chamber through said outlet; 

15 feeding means for feeding a gas at a preselected time and rate to 

said pressure-control chamber to drive the pumping member through 
one of said strokes; 

and a slow-acting vent for venting the gas from said pressure- 
control chamber to the atmosphere continuously at a rate lower than 
20 said gas feeding rate, to drive the pumping member through the other 
of said strokes. 

According to a further feature in the preferred embodiment of 

* 

the invention described below, the feeding means comprises an 
electrolytic cell including electrodes and an electrolyte which generates 
25 a gas according to the quantity of the electrical current passed through 
the electrolyte. 

According to a still further feature, the slow-acting vent 
comprises a gas-permeable porous member. The latter member may 
be of sintered metal or sintered plastics material. 
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As will be described more particularly below, such a dispenser 
may be operated by closing an electrical circuit to the electrolytic cell 
to cause gas to be generated at a predetermined rate and during a 
predetermined time period, e.g., one minute, and then interrupting the 
current supplied to the electrolytic cell for a longer interval, e.g., four 
minutes. Thus, during the one-minute interval, gas will be generated to 
drive the pumping member (e.g., a diaphragm) through a forward 
stroke to pump liquid from the pumping chamber through the outlet; 
and during the subsequent four-minute interval when no gas is 
generated, the slow-acting vent vents the gas from the pressure-control 
chamber to the atmosphere to thereby drive the pumping member 
through the return stroke to draw liquid from the reservoir to the 
pumping chamber. 

In such a construction,. the pumping chamber may be of a 
relatively small volume so that the dispenser is much less sensitive to 
temperature and pressure fluctuations, and therefore can more 
precisely control the delivery of the liquid. This is particularly 
important when very low delivery rates are involved such as in the 
administration of medicaments to a patient. 



20 



Further-features and advantages of the invention will be apparent 
from the description below. 



25 



Brief Description of Drawing 

The accompanying figure is a front elevation in section of a 
preferred embodiment of a liquid material dispenser according to the 
invention. 



The invention is herein described, by way of example only, with 
reference to the accompanying single drawing figure. 
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Rest Mode for Carrying Out the Invention 

The illustrated preferred embodiment is a liquid material 
dispenser for delivering drugs at a slow, controlled and precise rate, to 
a patient. It includes an electrolytic cell, such as described in prior 
5 U.S. Patent Nbs. 5,062,834 and 5,090,963 referred to above, for 
controlling the rate and time of delivery of the drug to the patient. 

The illustrated liquid material dispenser includes a housing, 
generally designated 2, having a reservoir 4 for the liquid to be 
dispensed, an outlet 6 through which die liquid is dispensed, and a 
10 connecting passageway 8 between the reservoir and the outlet. 

Passageway 8 includes an enlarged cavity 10 occupied by a diaphragm 
12. 

Diaphragm 1 2 serves as a reciprocalable pumping member and is 
cyclically displaceable through forward and return strokes for pumping 

15 liquid from reservoir 4 through the outlet 6. The cyclical 

reciprocation of diaphragm 12 is effected by an electrolytic cell, 
generally designated 14, within a compartment 16 in housing 2 and 
communicating with cavity 10 at one side of the diaphragm via a bore 
18. It will thus be seen that the diaphragm defines a pumping chamber 

20 10a on one side for pumping liquid from the reservoir 4 through the 
outlet 6, and a pressure-control chamber 10b on the opposite side, 
communicating via bore 18 with electrolytic cell 14 in compartment 
16. 

Two one-way umbrella valves Vi, V2 are in the connecting 
25 passageway 8 between reservoir 4 and outlet 6. Valve Vi is proximal 
to the outlet 6, i.e., between it and pumping chamber 10a, and is 
oriented, such that during the forward strokes of diaphragm 12, the 
' diaphragm pumps liquid from the pumping chamber 10a through the 
outlet 6 via section 8a of the connecting passageway 8. Valve V2 is 
30 located proximal to the reservoir 4, i.e., between it and pumping 

chamber 10a, and is oriented sUch that during the return strokes of the 
diaphragm 1 2, it permits the diaphragm to draw liquid from the 
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reservoir 4 into the pumping chamber 1 Oa via section 8b of the 
connecting passageway 8. 

As will be described more particularly below, the electrolytic 
cell 14 in compartment 16 is electrically controlled to generate a gas at 

5 a preselected time and at a preselected rate and to feed the gas to the 
pressure-control chamber 10b acting on diaphragm 12, to drive the 
diaphragm through its forward strokes for pumping liquid from the 
pumping chamber 10a to the outlet 6 via valve Vi. The illustrated 
dispenser further includes a slow-acting vent 20 for venting the gas 

10 from the pressure-control chamber 10b to the atmosphere 

continuously, and at a rate lower than the gas feeding rate, to drive the 
diaphragm through the return strokes, and thereby to draw liquid from 
reservoir 4 into the pumping chamber 10a. 

The slow-acting vent 20 is in the form of a gas-permeable porous 
15 cap. It may be of sintered metal particles, such as of steel, copper, 
aluminium, titanium, etc.; alternatively, it may be of sintered plastics 
particles, such as of polypropylene or polytetrafluorethylene, such as 
"Teflon" (Trade Mark). 

The gas-permeable cap 20 is received within an apertured seat, 
20 e.g., of plastics material, fixed to housing 2 and is retained in the seat 
by any suitable means, such as by a plastics clip 24. An O-ring 26 is 
interposed between cap 20 and the outer face of seat 22. The inner face 
of seat 22 carries a hydrophobic membrane 28 which is permeable to 
gas but not to liquid, to thereby prevent electrolyte 14c from clogging 
25 the cap. 

The electrolytic cell 14, located within compartment 16 
communicating with the pressure-control chamber 1 0b on one side of 
diaphragm 12, may be of any known construction, such as described in 
prior U.S. Patent Nos. 5,062,834 and 5,090,963. Basically, it includes 
30 a pair of electrodes 14a, 14&, and electrolyte 14c which generates a gas 
according to the quantity of electrical current passed through the 
electrolyte. The two electrodes 14a, 14b are connected to terminals 30, 
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32 for connection to an external electrical control circuit 34 (indicated 
schematically). As known in such electrolytic-type pumps, the 
electrical control circuit 34 includes electrical switching means 35 for 
controlling the time at which electrical current is applied to the 
5 electrolytic ceil 14, and also current-control means 36 for controlling 
the magnitude of the applied electrical current, and thereby the rate of 
generation of the gas by the electrolytic cell. 

Housing 2, reservoir 4, and/or diaphragm 12, may be of any 
suitable configuration, e.g., circular or rectangular in cross-section. 

10 For ease in assembly and disassembly of the illustrated dispenser, 

housing 2 is made of a plurality of sections, namely: a first section 2a; a 
second section 2b clamping diaphragm 12 between it and section 2a; a 
third section 2c defining, with section 2a, the pressure-control chamber 
10b on one side of diaphragm 12 and including the electrolytic cell 

15 compartment 1 6; a fourth section 2d secured at one end to housing 

sections 2a, 2b and 2c; and a fifth section 2e secured to the opposite end 
of housing section 2d. A rolling diaphragm 38 is clamped between the 
two sections 2d, 2e; and an air vent opening 40 is formed in housing 
section 2e. 

20 It will thus be seen that the reservoir 4 is defined by housing 

section 2d and the rolling diaphragm 38. Housing section 2d_ carries an 
injection plug 42 for filling the reservoir 4 by injection via a syringe 
needle, as is well known. Diaphragm 38 and vent opening 40 permit 
reservoir 4 to expand and contract according to the quantity of the 

25 . liquid material contained in the reservoir. 

■ 

The base of one-way umbrella valve Vi is secured in an opening 
formed in housing section 2a; and the base of one-way umbrella valve 
V2 is secured in an opening formed in a rigid plastics member 44 
between housing sections 2b and 2a. 
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The illustrated dispenser operates in the following manner: 

Reservoir 4 is filled by a syringe piercing the injection plug 42 
until the injected liquid drug begins to exit from the outlet 6. When 
this occurs, not only is the reservoir 4 completely filled with the liquid 
5 drug, but also the connecting passageway 8 and the cavity 10 are filled 
with the drug up to the outlet 6. 

The time and rate of delivery of the drug from reservoir 4 to the 
outlet 6 are controlled by the electrical control circuit 34 for 
energizing the electrolytic cell 14 via its electrodes 14a, 14b and their 

10 electrical terminals 30, 32, respectively. As one example, the electrical 
control circuit 34 may be such so as to energize the two electrodes 14a, 
14b at periods of one minute followed by intervals of four minutes. 
During the one-minute interval when the electrodes 14a, 14b are 
energized, the electrolyte 14c generates a gas which is fed via bore 18 

15 to the pressure-control chamber 10b at one side of diaphragm 12. This 
gas displaces the diaphragm, as shown in broken lines at 12' in the 
drawing, thereby stressing the diaphragm to contract the pumping 
chamber 10a. This contraction of the pumping chamber applies a 
pressure via section 8b of the connecting passageway 8 to close valve 

20 V2, and also applies a pressure via section 8a of the connecting 
passageway to open valve Vi. Accordingly, liquid from pumping 
chamber 10a is pumped via valve Vi through the outlet 6 for the one- 
minute period during which the electrolytic cell 14 is energized, and at 
a rate corresponding to the .magnitude of electrical current passed 

25 through the electrolyte. 

, » • 

The pressure-control chamber 1 0b_ is continuously vented to the 
atmosphere via the gas-permeable porous cap 20. Since the rate of. 
venting of the gas is less than the rate of generation of the gas by the 
electrolytic cell 14, this venting of the gas does not substantially 

* * 

30 influence the dispenser during the pumping stroke. However, as soon 
as the pumping stroke is completed by the termination of the electrical 
current applied to the electrolytic cell 14 (e.g., after one minute), the 
venting of the gas via cap 20 to the atmosphere slowly reduces the 
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pressure in chamber 10b so that the stressed diaphragm 12 tends to 
move back to its initial condition (shown in full lines in the drawing), 
thereby expanding the pumping chamber 10a. This expansion of the 
pumping chamber lowers the pressure in passageway section 8a to close 
5 valve Vi; it also lowers the pressure in passageway section 8b_ to open 
valve V2 and to draw liquid from reservoir 4 into the pumping 

• » 

chamber lQa. 

Thus, at the end of the interval (e.g., four minutes) following the 
termination of the electrical current applied to the electrolytic cell 14, 

10 diaphragm 12 will have been returned to its home position (shown in 
full lines in the drawing), and pumping chamber 10a will have been 
refilled with liquid from reservoir 4. When electrical current is again 
applied to the electrolytic cell 14 to generate additional gas, the 
diaphragm 12 will again be driven through a forward pumping stroke 

15 for pumping the liquid within pumping chamber 10a v/a valve Vi 
dirough the outlet 6. 

It will be appreciated that the illustrated dispenser does not hold 
large volumes of gases over extended periods, and therefore is not 
significantly sensitive to temperature and pressure fluctuations. The 
20 illustrated dispenser may therefore be used for dispensing liquids at 
precisely-controlled rates and over long periods of time between 

■ • 

refillings. 

While the invention has been described with respect to one 
preferred embodiment, it will be appreciated that many other 
25 variations, modifications and applications of the invention may be 
made. 
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CLAIMS: 

1. A liquid material dispenser, comprising: 

a housing including a reservoir for liquid to be dispensed, 
an outlet through which the liquid is dispensed, and a connecting 
passageway between said reservoir and said outlet; 

a reciprocatable pumping member in the passageway, such 
that one side of the pumping member defines a pumping chamber with 
the passageway, and the other side defines a pressure-control chamber, 
said pumping member being cyclically displaceable through forward 
and return strokes for pumping liquid from said reservoir to said 
outlet; 

valve means in said passageway effective, during one of said 
strokes, to cause the pumping member to draw liquid from said 
reservoir into said pumping chamber, and during the other of said 
strokes, to cause the pumping member to pump liquid from said 
pumping chamber through said outlet; 

feeding means for feeding a gas at a preselected time and rate to 
said pressure-control chamber to drive the pumping member through 
one of said strokes; 

and a slow-acting vent for venting the gas from said pressure- 
control chamber to the atmosphere continuously at a rate lower than 
said gas feeding rate, to drive the pumping member through the other 
of said strokes. 

2. A dispenser according to Claim 1 , wherein said feeding 
means comprises an electrolytic cell including electrodes and an 
electrolyte which generates a gas according to the quantity of electrical 
current passed through said electrolyte. 
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3. A dispenser according to Claim 1 or 2, wherein said slow- 
acting vent comprises a gas-permeable porous member. 

4. A dispenser according to Claim 3, wherein said gas- 
permeable porous member is of sintered metal. 

5 5. A dispenser according to Claim 3, wherein said gas- 

permeable porous member is of sintered plastics material. 

6. A dispenser according to any preceding claim when 
dependent on Claim 3, wherein a hydrophobic membrane is provided 
between said pressure-control chamber and said gas-permeable porous 

10 member. 

7. A dispenser according to Claim 6, wherein said gas- 
permeable porous member is in the form of a cap mounted on an 
apertured seat fixed to the housing, which an O-ring disposed between 
the cap and one side of the seat, said hydrophobic membrane being 

1 5 disposed between the other side of the seat and the pressure-control 
chamber. 

8. A dispenser according to any preceding claim, wherein 
said pumping member is a diaphragm. 

■ 

9. A dispenser according to Claim 8, wherein said feeding 
20 means includes an electrolytic cell communicating with said pressure- 
control chamber, said electrolytic cell including electrodes and an 
electrolyte which generates a gas according to the quantity of electrical 
current passed through said electrolyte. 

10. A dispenser according to Claim 9, wherein said housing _ 
25 includes at least three sections, said diaphragm being clamped between 

first and second housing sections, said pressure-control chamber being 
defined by said first section and a third section, said first section being 
formed with a passageway leading to said diaphragm. 
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11. A dispenser according to Claim 10, wherein said housing 
includes a fourth section and a fifth section, said fourth section being 
secured to said second section, and said fifth section being secured to 
said fourth section with a second diaphragm therebetween, said 

5 reservoir being defined by said fourth section and said second 

diaphragm, said fifth section including a venting opening and defining a 
venting chamber with said second diaphragm. 

12. A dispenser according to any preceding claim, wherein 
said valve means comprises: 

10 a first one-way valve in said passageway proximal to said 

outlet and oriented such that during one of said strokes the pumping 
member pumps liquid from said pumping chamber through said outlet; 
and 

a second one-way valve in said passageway proximal to 
15 said reservoir and oriented such that during the other of said strokes 

the pumping member draws liquid from said reservoir to said pumping 
chamber. 

13. A dispenser according to Claim 12, wherein said first and 
second valves are umbrella valves cooperable with valve openings 

20 formed in said housing. 

14. A liquid material dispenser, comprising: 

a housing including a reservoir for liquid to be dispensed, 
an outlet through which the liquid is to be dispensed, and a connecting 
passageway between said reservoir and said outlet; 

* 

25 a diaphragm in the passageway such that one side of the 

diaphragm defines a pumping chamber, and the other side defines a 
pressure-control chamber; 
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an electrolytic cell communicating with said control 
chamber and including electrodes and an electrolyte which generates a 
gas according to the quantity of electrical current passed through said 
electrolyte, for driving said diaphragm through forward strokes; 

a slow-acting vent for venting the gas from said pressure- 
control chamber to the atmosphere at a rate lower than that of 
generation of gas by said electrolytic cell, for driving the diaphragm 
through return strokes; 

and valve means in said passageway causing the diaphragm 
to pump liquid from said pumping chamber through said outlet during 
said forward strokes, and to draw liquid from said reservoir into said 
pumping chamber during said return strokes. 

15. A dispenser according to Claim 14, wherein said slow- 
acting vent comprises a gas-permeable porous member. 

16. A dispenser according to Claim 1 5, wherein said gas- 
permeable porous member is of sintered metal. 

17. A dispenser according to Claim 15, wherein said gas- 
permeable porous member is of sintered plastics material. 

18. A dispenser according to any one of Claims 15-17, 
wherein a hydrophobic membrane is provided between said pressure- 
control chamber and said gas-permeable porous member. 

19. A dispenser according to any one of Claims 15-18, 
wherein said gas-permeable porous member is in the form of a cap 
mounted on an apertured seat fixed to the housing, with an O-ring 
disposed between the cap and one side of the seat, said hydrophobic 
membrane being disposed between the other side of the seat and the 
pressure-control chamber. ~~ • 
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20. A dispenser according to any one of Claims 14-19, 
wherein said housing includes at least three sections, said diaphragm 
being clamped between first and second housing sections, said pressure- 
control chamber being defined by said first section and a third section, 
5 and said first section being formed with a passageway leading to said 

■ 

diaphragm. 
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